Introduction
Several lines of evidence from experimental and clinical studies suggest that hypertension has an adverse impact on the heart (1-3). The presence of hypertension may affect cardiac function not only by impairing myocardial function (4, 5) , but also by disturbing the coordination between regions of the ventricle, resulting in ineffective contractions (6) . Hypertension and ventricular arrhythmias coexist in many patients (7) . It is well known that left ventricular (LV) hypertrophy is associated with an increased incidence of ventricular arrhythmia and sudden cardiac death (8) . Many studies have demonstrated that ventricular arrhythmias may significantly reduce LV performance (9, 10) .
LV systolic synchronicity is an important factor in the determination of LV systolic function. Correcting the asynchrony by biventricular pacing can improve LV function in patients with congestive heart failure (11) . Recently, Kosmala et al. (6) , based on the apical views used to assess the longaxis movement, found that LV systolic and diastolic synchronicity were impaired in hypertensive patients. LV hypertro-phy is very common in hypertensives and is associated with the occurrence of ventricular arrhythmia. We therefore considered that it would be of great interest to study LV synchronicity in hypertensive patients with ventricular arrhythmias.
Tissue Doppler imaging (TDI) is a new echocardiographic technique that uses high amplitude, low frequency ultrasound signals reflected from the myocardium. TDI allows the simultaneous examination of several regional cardiac structure movements with an excellent time resolution of approximately 10 ms (12) , and has been used to evaluate ventricular synchronicity in both healthy (13) and diseased (6, 12, 14) hearts. In the present study, we hypothesized that LV synchronicity is impaired in hypertensive patients with ventricular arrhythmias, and tested this hypothesis by using TDI to study the regional synchronicity of LV.
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Fig. 1. A: Tissue Doppler myocardial velocity curves obtained from the basal septal (green line) and basal lateral (yellow line
Methods Patients
One-hundred and four consecutive patients with mild-tomoderate hypertension (60% males) who visited our hospital from April 2005 to November 2005 were enrolled in this study. Inclusion criteria were as follows: outpatients of either sex, aged from 18 to 65 years, with mild-to-moderate hypertension (diastolic blood pressure [DBP] > 90 mmHg and < 110 mmHg; systolic blood pressure [SBP] > 140 mmHg and < 180 mmHg). Patients with secondary hypertension, dilated cardiomyopathy, left bundle branch block, right bundle branch block, atrioventricular block or pre-excitation syndrome on ECG, evident myocardial ischemia (positive findings on treadmill exercise testing), major cardiovascular complications (myocardial infarction or unstable angina within 6 months, congestive heart failure), diabetes, liver or kidney disease, and cancer were excluded from the study. The selected patients were divided into two groups: group 1 consisted of 74 patients (44 males and 30 females) who had hypertension without any arrhythmias (as proved by ECG or Holter monitor), and group 2 consisted of 30 patients (21 
Two-Dimensional, M-mode, Pulsed Doppler Echocardiography
All the subjects were examined in the left lateral decubitus using a System Seven digital ultrasound machine (GE Vingemed Ultrasound, Horten, Norway) with a 2.5-or 3.5-MHz phased array transducer. One technician operated the machine with no prior information about the study. Measurements of LV diameter in end diastole (LVDd), LV diameter in end systole (LVDs), interventricular septum (IVSd) and LV posterior wall thickness in end diastole (LVPWd) were made from M-mode readings according to the recommendations of the American Society of Echocardiography (16) . LV mass (LVM) was calculated using the Devereux-modified American Society of Echocardiography (ASE) cube formula (17) , and the LV mass index (LVMI) was obtained by dividing the LVM by the body surface area. The LV ejection fraction (EF) was estimated by a modified version of Simpson's biplane method. For the pulsed Doppler echocardiographic studies, the sample volume was placed between the anterior and posterior mitral leaflet tips to record the LV inflow patterns, and the maximum amplitudes of the early diastolic wave (E) and late diastolic wave (A) were estimated; the E/A ratios were then calculated.
Tissue Doppler Echocardiography
TDI was performed to assess the long-axis function of the LV using the apical four-chamber, two-chamber, and long-axis views (13, 18) . A 12-segement model was used to assess regional LV function. This included the anterior, anteroseptal, septum, inferior, posterior, and lateral segments at the basal level and mid-level of the ventricle, respectively (6, 13, 18) . Tissue Doppler velocity data were recorded at frame rate close to 100-140 Hz. Gain settings, filters and pulse repetitive frequency were adjusted to optimize the color saturation. At least three consecutive beats were stored and analyzed offline.
From the recorded images, we measured peak velocities during isovolumic contraction (IVCm), sustained systole (Sm), early diastole (Em) and late diastole (Am). For the measurement of timing, the beginning of the QRS complex obtained from the surface ECG was used as the reference point, and the times to IVCm (Tivc), Sm (Ts), Em (Te), and Am (Ta) were quantified (13, 18) . For assessment of the systolic and diastolic synchronicity of longitudinal myocardial function, the standard deviation of Ts (Ts-SD) and Te (Te-SD) of all 12 segments and the maximal difference in Ts and Te between any two of the LV segments (Ts-max, Te-max) were calculated. To assess global cardiac function, the mean Sm and mean Em from the six basal segments were calculated (6, 18) . For the six basal segments, the Em/Am ratio was also calculated (Fig. 1) .
Statistical Analysis
Values are expressed as the mean±SD. Student's two-tailed ttest, χ 2 test, and analysis of variance were used where appropriate. Pearson correlation coefficients were used to test correlations between the parameters of LV systolic synchronicity and age, heart rate, blood pressure, number and duration of ventricular arrhythmias, LV hypertrophy and color Doppler parameters. A receiver operating characteristic (ROC) curve was used to assess the diagnostic efficacy of Ts-max. All statistical analysis were performed using software from SPSS Inc., and the differences were considered significant at p< 0.05.
Results
The mean duration of ventricular arrhythmia in group 2 was 20 months. In group 2, 24 patients had frequent premature ventricular contractions, and 6 had nonsustained ventricular tachycardia. The mean number of ventricular arrhythmias in patients who underwent Holter monitoring was 4,676 beats.
There were no significant differences in age, gender, heart rate among the disease groups and controls. Patients in group 1 and group 2 had significantly higher SBP and DBP, a higher prevalence of LV hypertrophy, and a higher rate of antihypertensive drug use than the control group, but there were no significant differences in any of these parameters between groups 1 and 2 ( Table 1) .
As to the conventional Doppler parameters, IVSd was significantly higher in group 1 and group 2 than in the controls, whereas EF, fractional shortening (FS) and other parameters of LV dimension showed no difference among the three groups. E and E/A were significantly lower in group 1 and group 2 than the control group, but there was no significant difference in these parameters between group 1 and group 2 ( Table 2) .
Impairment of longitudinal systolic myocardial function as evidenced by decreased Sm and mean Sm was seen in both patient groups, and was most advanced in group 2 (mean Sm: 5.02±1.07 cm/s in group 2 compared with 5.76±1.28 cm/s in the controls; p< 0.05). Like systolic dysfunction, longitudinal diastolic dysfunction was most prevalent in group 2, as expressed by decreased values of TDI Em and mean Em (mean Em: 4.81±1.60 cm/s in group 2 and 5.24±1.25 cm/s in group 1 compared with 7.08±1.74 cm/s in the controls, all Fig. 3) .
In group 2 patients, Ts-max correlated weakly with the duration of ventricular arrhythmia (r= 0.43, p< 0.05) and LVMI (r= 0.37, p< 0.05). In a sub-analysis of patients who underwent Holter monitoring, Ts-max was correlated with the number of ventricular arrhythmias (r= 0.59, p< 0.01). There were no other significant correlations between parameters of LV systolic synchronicity and age, heart rate, blood pressure, and color Doppler parameters.
The ability of Ts-max to detect hypertensive patients with ventricular arrhythmias was assessed by using an ROC curve. The area under the ROC curve was 0.658 (95% confidential interval, 0.543-0.772). A Ts-max value of 70 ms had 90% sensitivity and 33% specificity for detecting hypertensive patients with ventricular arrhythmia (Fig. 4) .
Discussion
This study demonstrated that hypertensive patients with ventricular arrhythmias show clear evidence of impaired LV systolic synchronicity as demonstrated by TDI. In these patients, Ts in lateral LV segments, the maximal difference in Ts between any two of the LV segments, and Ts-SD were significantly prolonged compared to those of the control group and the isolated hypertensives. This indicates that TDI is a sensitive method of detection and evaluation of myocardial impairment in hypertensive patients with ventricular arrhythmias. To the best of our knowledge, this is the first study focused on ventricular synchronicity in such patients.
LV systolic function is sustained not only by contraction of the myocardium, but also by the synchronicity of LV. This has been proven by clinical studies in which correction of the LV asynchrony improved LV systolic function in heart failure patients (11, 19) . LV synchronicity is influenced by many heart diseases, including dilated cardiomyopathy, coronary heart disease (14) , and diabetes mellitus (6) . In a recent study, Kosmala et al. (6) demonstrated that LV synchronicity was impaired in hypertensive patients, and the impairment was more serious in the hypertensive patients with diabetes mellitus. With the improvements in echocardiographic technology, it has become possible to assess LV synchronicity in diseased hearts using TDI (6, 12, 14, 18) . TDI has been shown to be more reliable than three-dimensional tagged magnetic resonance imaging (20) and myocardial scintigraphy (21) . Even in patients with normal QRS duration, the prevalence of LV asynchrony is relatively higher (18) .
Clinical studies have indicated that depressed LV systolic function and impaired diastolic function often co-exist in hypertensive patients (1, 4, 22) , and LV synchronicity is impaired in hypertensive patients (6) . Hypertension and cardiac arrhythmias co-exist in many patients, and the most important promoter of ventricular arrhythmogenesis in hyper- tensives is LV hypertrophy (7, 8, 23) . Frequent premature ventricular contractions can reduce LV systolic function (9) , and reducing the premature ventricular contractions can improve the symptoms of patients (24) . We therefore considered that it would be of great interest to study the effect of ventricular arrhythmias on LV synchronicity. The present study demonstrated that LV systolic function was impaired in hypertensive patients with ventricular arrhythmias, as demonstrated by the decreased mean Sm and Sm in the lateral and posterior segments of the LV. In the isolated hypertensive group, mean Sm was not significantly different from that of the control group, but Sm in the basal lateral and mid-inferior segments of the LV was significantly difference when compared with that of the control group, which indicated systolic function was impaired in hypertensives, in accordance with the previous studies (6, 25) . In this study, EF showed no difference among the three groups, which may have indicated that EF is not as sensitive for reflecting LV systolic dysfunction as Sm is. Support for such a conclusion comes from previous studies which showed that although EF was similar among different patient groups, Sm was different (6, 25, 26) .
Ts-max and Ts-SD were also prolonged in hypertensive patients without ventricular arrhythmias when compared with the control group, indicated that LV synchronicity was impaired in such patients. However, the most valuable finding of this study was that LV synchronicity was impaired in hypertensive patients with ventricular arrhythmias, when compared with controls and isolated hypertensive patients. This is similar to the result of Kosmala's study (6) . As to the diastolic function and diastolic synchronicity, it seems that ventricular arrhythmias only influence diastolic function, as indicated by the finding that Em in LV segments was significantly different among the three groups, but there was no difference in LV diastolic synchronicity among the three groups.
It is well known that LV performance is depressed during premature ventricular contractions by loss of atrioventricular and ventricular synchronicity (27) . Ventricular arrhythmias are not only associated with marked impairment of LV systolic function but also diastolic filling and relaxation (10) . In hypertensive hearts, cardiac myocytes could change the width and morphology of the action potential, resulting in ventricular arrhythmias (7) . In a more advanced stage, myocardial fibrosis is evident (2, 25, 28) ; these electrical and structural changes may be associates with impaired LV synchronicity. Other factors are thought to be responsible for the impaired LV synchronicity in hypertensive patients with ventricular arrhythmias. These include altered myocardial glucose metabolism (29) , amplified transmural repolarization dispersion caused by LV hypertrophy (30) , and long-term cardiac memory (31) . The present study showed that Ts-max was positively correlated with the number and the duration of ventricular arrhythmias and LVMI, indicating the noxious effect of hypertension and ventricular arrhythmias on myocardial function, but the exact mechanism remains unclear, and requires further investigation. In our study, the value of Tsmax of 70 ms had 90% sensitivity and 33% specificity for detecting hypertensive patients with ventricular arrhythmia from those without ventricular arrhythmias; the relatively lower specificity may have been due to the small study population.
The information obtained from the apical views allows comparison of nearly all the segments of LV quantitatively in the same manner, except the apical segments where long-axis movement is minimal (14) . The time to 'peak' rather than 'onset' of sustained systolic contraction was used to assess cardiac systolic synchronicity, because Sm indicates the moment of the maximal endocardial excursion, and it more truly reflects the degree of synchronous movement of various regions than the onset of contraction (13) .
In conclusion, LV systolic synchronicity was impaired in hypertensive patients with ventricular arrhythmias. TDI is a sensitive and feasible method for the detection and evaluation of myocardial impairment in such patients. Future studies should focus on the influence of antihypertensive drugs and anti-arrhythmia therapy on the LV synchronicity in such patients.
